Generation of white laser light in the visible regime currently attracts a lot of attention. Optical-fibre-based solutions have so far been presented by supercontinuum generation in tapered fibres' and small-core microstructured holey fibres.2 Here we present the generation of red, green, and blue (RGB) light by a degenerate four-wave-mixing (FWM) process in the sub-micron secondary cores of a holey fibre with a green pump.
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The pump source in our experiment is a frequency-doubled Yb-doped fibre MOPA which generates 80 ps pulses at 530 nm wavelength with a repetition rate of 32 MHz and up to 2 W output power. The green pump is collimated and launched into a single secondary core of a hexagonally arranged holey fibre, see Fig. l Figure l(b) shows a typical normalised output spectrum. Apart from the residual pump at 530 nm, we observe the first Raman-Stokes sideband at 542 nm and, most importantly, a blue sideband at -450 nm and a red sideband at -630 nm. A total output power of 360 mW was obtained in this case with 47, 292, and 21 mW of blue, green, and red average power, respectively. Different fibres exhibited different splitting of the red and blue sidebands, with blue wavelengths down to -400 nm and red wavelengths up to -750 nm. Careful measurements using a range of colour filters confirmed that all wavelength components were generated in the fundamental mode of a single secondary fibre core. A strong polarisation dependence of the wavelength conversion process was also observed. In general, only one specific input polarisation resulted in efficient RGB generation. Finally, the red and blue components were found to be polarised orthogonally to the green pump beam.
RGB generation in this system is clearly attributed to degenerate FWM. For efficient spectral conversion, a phasematching condition between the different wavelength bands must be fulfilled. To identify the exact FWM process, we performed numerical simulations using a full-vectorial finite element method on the geometrical structure of a single core obtained from a highly magnified SEM image of the actual fibre used in the experiment. This revealed a slight asymmetry of the secondary cores, of about 10-20%, near the fibre core which can be attributed to nonuniform expansion of the air holes during the fibre drawing process. This asymmetry induces modal birefringence of 5xl04 in the secondary cores. Our simulations show that this allows for birefringent phase matching between the green pump in one polarisation mode and red and blue sidebands in the orthogonally polarised mode, see Fig. 1(c) . This interpretation is also consistent with the polarisation behaviour found in the experiment.
In conclusion, we observed efficient RGB generation in sub-micron secondary cores of hexagonally arranged holey fibres. Experimental results and detailed numerical simulations suggest degenerate FWM with birefringent phase matching as the underlying process.
